The original description of nickelphosphide from the Butler meteorite [(Ni 1.83 Fe 1.21 ) S3.04 P 0.96 to (Ni 1.71 Fe 1.28 Co 0.01 ) S3.00 P 1.00 ] lacks detailed and accurate powder data -with only 11 observed reflections down to 1.37 A Ê . Consequently, no crystal structure information for this phase is available. Here we present the crystal structure for a synthetic analogue of the phase found in the Vicenice IID medium octahedrite (with a mean empirical formula of (Ni 1.69 Fe 1.31 ) S3.00 P 1.00 ) and a hypothetical Ni 3 P end-member. Unit-cell dimensions of the synthetic analogue of Ni 1.68 Fe 1.33 P 0.99 composition from individual peak profile fitting of XRD data collected with Cu radiation are a = 9.0168 (2) (8) A Ê 3 . The space group of the mineral is I4 and Z = 8. The crystal structure refined from powder data by the Rietveld method is consistent with that refined and published for Fe 3 P and Ni 3 P synthetic compounds as well as Fe-dominant schreibersite from single-crystal data. However, because of the similarity of the scattering of iron and nickel, we were not able to refine directly the site occupancies in the synthetic analogue of the nickelphosphide from the Vicenice iron meteorite.
Introduction
described nickelphosphide as a new mineral from the ungrouped plessitic Butler octahedrite and discovered it also in the ungrouped Ni-rich ataxite Onello (Kopylova et al., 1999) . Britvin et al. (1999) also reported literature analyses from several other meteorites indicating that nickelphosphide occurrences are not restricted to only two meteoritic irons. In the Onello ataxite, nickelphoshide is accompanied by another phosphide -allabogdanite (Fe,Ni) 2 P (Britvin et al., 2002) . Skála and Frýda (1999) , independently of the observations of Britvin et al. described the phase corresponding to a Ni-dominant member of the Fe 3 P -Ni 3 P solid solution from the Vicenice IID medium octahedrite. However, they were not able to characterize the phase in more detail due to its small grain size. The composition of this particular material was used as a starting chemistry for preparation of synthetic analogues.
The goal of the present paper was to provide the crystal structure data for this mineral.
Experimental
We synthesized both analogues to the nickelphosphide encountered in the Vicenice octahedrite and hypothetic end-member of the schreibersitenickelphosphide solid solution of Ni 3 P composition. Synthetic materials were prepared in evacuated, sealed silica tubes in which carefully weighed amounts of the starting chemicals were heated. Samples were repeatedly ground under acetone and reheated at the given temperature until equilibrium was attained. Details of the sample syntheses and sample labelling are given in Table 1 . Starting substances were nickel powder of 99.999% purity (SPEX Industries, Inc., USA), Fe sponge of 99.999% purity (Johnson Matthey Chemicals Limited, England) and red phosphorus powder of 99% purity (Aldrich, Germany). Before being used for syntheses, Fe and Ni were heated for 4 h in a stream of H 2 at 700ºC. Phosphorus powder was washed in distilled water and acetone and then dried under vacuum. Samples were heated in horizontal tube furnaces in which the temperatures were controlled electronically. The maximum temperature variation did not exceed ±2ºC. After each run, the silica tubes with synthesized charges were quenched in ice-water.
The chemical composition of the synthetic analogues was characterized in polished sections by an energy-dispersive system Oxford Link ISIS 300 (with an ultra-thin detector window) connected to a CamScan IV scanning electron microscope. Accelerating voltage was set to 20 kV and sample current to 2.5 nA. Spectrum acquisition time was 40 s. Beam current was measured with a Faraday cup. Synthesized phases were analysed for Fe, Ni and P only and the standards used were pure Fe and Ni and synthetic Ni 3 P. Details on chemical data acquisition for nickelphosphide in the Vicenice octahedrite are given in .
Powder data for synthetic phosphides were collected independently on two diffractometers in two distinct diffraction geometries. Data for all synthetic samples were acquired on a Philips X'Pert MPD diffractometer in re ecting geometry (two powder patterns per each individual composition, patterns are labelled with 'a' or 'b' following sample description, see Table 2 ) and data for the samples P-33 and P-44 were also collected on a STADI P STOE diffractometer in transmission geometry. The powder data in re ecting geometry are acquired with Cu-Ka 1,2 radiation and those in re ecting geometry were collected using Co-Ka 1 radiation. Details of the powder data collection conditions are given in Table 2 . Samples were placed atop low-background silicon sample holders in the case of re ecting arrangement and in between mylar foils in transmission geometry.
Chemical composition
Empirical formulae of the synthesized phases were recalculated from analyses assuming a total of four elements per formula unit. The chemical composition is summarized in Table 3 . The synthetic analogues are very close to the composition of the natural phase -the difference in their chemistry and the corresponding natural 
Crystal structure data
Nickelphosphide occurring in the Vicenice octahedrite could not be effectively removed from meteorite slabs due to its small dimensions. Attempts to synthesize single crystals of the chemical composition corresponding to that found in the natural phase from the meteorite failed. Therefore, we decided to collect and evaluate diffraction data on powdered synthetic analogues characterized chemically in detail in the previous section. The step-scanned powder diffraction data were processed by the program XFIT (Coelho and Cheary, 1997) applying split asymmetric Pearson VII pro le-shape-function to yield angular peak positions and peak integral intensities. In the original paper on nickelphosphide de nition, Britvin et al. (1999) gave only 11 lines down to 1.379 A Ê ; our data exhibit 28 -30 lines down to this limit. In total, we resolved up to 101 lines and indexed them with 116 diffraction indices down to 0.803 A Ê in the pattern P43/b (Skála and Drábek, 2002) .
The unit-cell dimensions were calculated from individual tted peak positions in a spreadsheet calculator using the relation 1/d 2 = (h 2 +k 2 )a* 2 + l 2 c* 2 + CT, where d is d spacing, h, k, l diffraction indices, a* and c* reciprocal unit-cell dimensions, and CT the re nable correction factor corresponding to a peak shift due to a sample Table 4 . Based on the comparison to an external LaB 6 standard, the accuracy of the re ned unitcell dimensions is better than 0.005 rel.%. The difference in unit-cell dimensions is primarily due to the narrower angular range covered by the data acquired with Co radiation in transmission geometry -in the re ecting arrangement we observed peaks down to 0.8 A Ê whereas in the transmission geometry we attained peaks down to 1.2 A Ê only. Rietveld re nements were carried out on the data collected in the transmission geometry with strictly monochromatic radiation. The data acquired in the re ecting geometry using a graphite secondary monochromator unfortunately did not provide reliable enough intensity information, and extensive peak overlaps due to a1a2 doublets complicated re ning better structural data. Agreement factors were considerably higher for these re nements compared to those yielded from the data collected in the transmission arrangement with monochromatic radiation. Also, standard uncertainties of the re ned parameters from the powder data from re ecting geometry were about an order of magnitude higher than those from the data acquired in the transmission arrangement.
The Rietveld re nement of the crystal structures for hypothetic end-member and synthetic analogue of nickelphosphide from the Vicenice octahedrite were performed using the program FullProf.2k (Rodrṍguez-Carvajal, 1990 with the graphical shell of the WinPlotr program (Roisnel and Rodrṍguez-Carvajal, 2001 ). The starting models of the structure were derived from published single-crystal data for Ni 3 P (Aronsson, 1955; Rundquist et al., 1962) , Fe 3 P (Rundquist, 1962) , and meteoritic schreibersite (Doenitz, 1968 and 1970) u.) . Data for natural nickelphosphide from the Vicenice octahedrite (a) are compared to its two synthetic counterparts P-43 (b) and P-44 (c). ELL con dence ellipses are drawn for 0.6827 probability. Shadowed boxes in plot (a) indicate the range of plots (b) and (c), respectively, in the axis system of plot (a).
occupied by metallic atoms and one by phosphorus. The pro le-shape function used to approximate peaks in the powder pattern was of pseudo-Voigt type. The background was read from a le. Sample displacement was corrected by a sine correction term. The re ned parameters included those describing peak shape and width, xed background linear transformation coefcient, peak asymmetry, unit-cell dimensions, sine sample displacement correction term, fractional coordinates and isotropic temperature factors. In total, we re ned 29 parameters. The convergence criterion, e, forcing the termination of the re nement when parameters shifts < e6s, was set to 0.1.
The synthetic analogue of nickelphosphide from the Vicenice iron meteorite contains both Ni and Fe in its structure. From the single-crystal re nements for natural schreibersites (e.g. Doenitz, 1968 Doenitz, , 1970 Skála and Cṍsar Ï ová, 1999 and magnetic re nement from neutron data for isostructural (Fe 1 -x Co x ) 3 P (Liu et al., 1998) it is known that there is uneven distribution of metallic atoms over three crystallographically non-equivalent sites within the structure. We also attempted to re ne site distribution for both types of atoms within the structure; however, the scattering factors are so close that they could not be resolved effectively from the data available. Therefore, we adopted the procedure used originally by Doenitz (1970) for his re nement of the crystal structure of schreibersite (variety rhabdite) crystal from the North Chile (Tocopilla) iron meteorite from Weissenberg data. We modelled several possible site occupancies, and based on the nal Bragg agreement factor we selected the model with the best overall t. The results of the Rietveld crystal structure re nement are summarized in Table 5 and the calculated selected bond distances are listed in Table 6 . Difference Fourier maps were calculated by a Fourier program with a graphical shell of Gfour (Gonzáles-Platas and Rodrṍguez-Carvajal, 1999) . No structurally meaningful residuals were found in the difference Fourier maps and maximum differences were not greater than ±0.5 e - (Table 5) . Nickelphosphide is without doubt of Fe 3 P structure type. The nal Rietveld plots are shown in Fig. 2 .
The crystal structure of nickelphosphide when viewed down to [100] consists of alternating layers built up from Me1 and Me3 atoms, located at approximately ¼ and ÅÙ AE of the unit-cell height, and M2 and P, located at about 0 and ½ of the unit-cell height, respectively (see Fig. 3a) . The view down to [001] , shown in Fig. 3b , indicates tetragonal symmetry and also reveals coordination environments of individual sites of the N lin = total number of resolved peaks; M lin = number of resolved peaks down to re ection 213 (Britvin et al. (1999) found 11 peaks down to this line); N ref = total number of diffraction indices assigned to resolved peaks; M ref = number of diffraction indices used for unit-cell dimensions re nements. Britvin et al. (1999) gave the unit-cell dimensions of the nickelphosphide of the 2 nd type from the Butler iron meteorite of (Ni 1.71 Fe 1.28 Co 0.01 )P 1.00 composition as a = 8.99 A Ê , c = 4.396 A Ê and V = 355 A Ê 3 . If the minimization procedure used in present paper is applied to the original data, the unit-cell edges become a = 9.03(4) A Ê , c = 4.39(1) A Ê and V = 358(3) A Ê 3 which is in better agreement with the values observed by us. Based on the comparison to an external LaB 6 standard, the accuracy of the re ned unit-cell dimensions is better than 0.005 rel.%. Ni occupancies for sample P-44 were not re ned due to close scattering factors for Ni and Fe; instead they were modelled according to the approach of Doenitz (1970) . Effective coordination numbers (ECoNs) calculated according to Hoppe (1979 ) using Rieder's (1993 program. The standard deviations quoted are corrected for serial correlations in residuals (Rodrṍguez-Carvajal, 2001 Hoppe, 1979; Rieder, 1993) listed in Table 5 .
Conclusions
Analysing powder data of the synthetic analogue of nickelphosphide from the Vicenice iron meteorite, we were able to resolve a total of 101 lines in the powder pattern down to 0.803 A Ê compared to 11 lines down to 1.379 A Ê in the original description of this mineral by Britvin et al. (1999) . The completeness of the powder data allowed us to re ne a reliable set of unit-cell dimensions which ts the trend observed for the complete Fe 3 P-Ni 3 P solid solution (Skála and Drábek, 2000) . The unit-cell parameters we obtained are, when the same minimization procedure is applied for the re nement, in relatively good agreement with those re ned from the powder data given for nickelphosphide from the Butler meteorite by Britvin et al. (1999) . Rietveld crystal structure re nement of the powder data revealed that the crystal structure of the synthetic nickelphosphide analogue is of the same type as the structure of the hypothetical endmembers of the shreibersite-nickelphosphide solid solution -Fe 3 P (Rundquist, 1962) and Ni 3 P (Aronsson, 1955; Rundquist et al., 1962) . Comparing several models with different siteoccupancies of Fe and Ni in crystallographically non-equivalent sites within the structure of nickelphosphide, it appears that individual sites prefer certain atoms as already noted in some previous single-crystal structure re nements for meteoritic schreibersites by, e.g. Doenitz (1970) and Skála and Cṍsar Ï ová (1999 . . Part (a) shows layering in the structure whereas (b) shows the tetragonal symmetry and coordination environments around individual sites of the structure.
